Identification of respiratory complexes I and III as mitochondrial sites of damage following exposure to ionizing radiation and nitric oxide.
In 32D cl 3 hematopoietic progenitor cells, the overexpression of manganese superoxide dismutase (MnSOD, SOD2), the enzyme normally found in mitochondria, protects against the damaging effects of ionizing radiation. In the presence of a nitric oxide donor, which exacerbates the damage, inhibition of mitochondrial function can be demonstrated to be associated with respiratory complexes I (NADH dehydrogenase) and III (cytochrome c reductase), but not II (succinate dehydrogenase), IV (cytochrome c oxidase), or V (ATP synthase). The same pattern of inhibition is observed in the case of isolated bovine heart mitochondria exposed to ionizing radiation and the nitric oxide donor. The addition of authentic peroxynitrite (ONO2(-)) to isolated mitochondria also results in damage to complexes I and III (but not II, IV, and V), as shown by assays of electron-transfer activities and electron paramagnetic resonance (EPR) spectroscopic measurements, suggesting ONO2(-) to be responsible for most of the observed radiation damage in both the cultured cell lines and isolated mitochondria. It is argued that, in general, production of ONO2(-) is an important contributor to radiation damage in biological systems and the implications of these findings in relation to possible mechanisms of oxidant-linked apoptosis are briefly considered.